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(57) Abstract: A conditionable 
particulate substrate structure, and 
in particular a growing medium (2) 
suitable for the growth of vegetable 
matter in a surface layer, is described. 
The structure has a particulate base 
of soil or the like, a generally planar 
electrokinetic geosynthetic upper 
electrode (6) disposed generally 
horizontally in a surface layer of the 
particulate base; a lower electrode 
(8) disposed within the base generally 
underneath and parallel to the upper 
electrode, and means to connect an 
electrical power source (11) between 
the two electrodes to apply a potential 
difference thereacross to drive an 
electro -os mo tic process and thus to alter 
the moisture level in the vicinity of the 
upper electrode and further to generate 
gas at the upper electrode. A method 
for conditioning a substrate, and a 
method for the creation of a conditioned 
substrate, are also described. 
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CONDITIONED PARTICULATE SUBSTRATE STRUCTURE AND 
METHOD FOR PARTICULATE SUBSTRATE CONDITIONING 

5 The invention relates to a method of conditioning a particulate substrate such 
as a growing medium structure to control and optimise surface layer 
properties, for example growing conditions for vegetative matter growing at 
the surface thereof. The invention also relates to a particulate substrate 
structure incorporating constructions and adaptations to effect such 
10 conditioning. The invention in particular relates to a method and construction 
of conditioned natural turf for a sports playing surface field and the like, or to 
a method and construction of conditioned agricultural growing medium. 

r 

In any growing medium, such as a soil or like structure, which is used to grow 
15 vegetative matter in a surface layer thereof, control of various properties at the 
surface layer, and in particular in the vicinity of the roots of the growing 
vegetable matter, is of critical importance to the growth process. Whether 
vegetative matter grows at all, growth rates, consistency of ground cover, 
strength and robustness of the plants, yield etc. are all critically dependent on 
20 various factors relating to the soil or other growing medium. 

Of most significant importance is control of moisture and soil atmosphere 
composition at the roots. In many instances this might mean the necessity to 
provide adequate drainage. In other circumstances, an ability to increase 
25 moisture at the roots, for example in some form of active irrigation, might be 
desirable. Water, along with temperature and light which are typically 
supplied by the external environment, is the most critical single factor which 
can be controlled to optimise growth conditions. However, a number of other 
factors can have significant bearing on the growth of the plant matter. 
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In particular, it can be desirable to condition the area adjacent to the roots in a 

* 

number of other ways, for example to ensure adequate supply of oxygen, to 
control pH, to decompact the soil, to retain nutrients, to control the 
5 temperature and/or to prevent freezing of the surface layer etc. 

Similar considerations can apply in relation to particulate substrates other than 
growing media, such as might be provided for sport and recreational arenas, 
for example clay tennis courts and the like. Drainage and surface layer 
10 moisture control are again critical, as is control of surface layer compaction. 

Various drainage structures have been proposed with varying degrees of 
complexity. 

15 At the simplest, established drainage structures merely comprise structures 
which provide a ready physical path for water to drain away, perhaps through 
conduits, channels or the like within the structure below the ground surface. 
Such structures are of only limited adequacy. 

20 The use of geosynthetic materials for reinforcement or drainage purposes is 
also established practice. Geosynthetics, also known as and sometimes 
referred to as geotextiles, are typically referred to by their principle function 
for any particular application and since there are essentially five principle 
functions there are five types of geosynthetics. These are filtration, separation, 

25 membrane, drainage and in plane flow, and reinforcement geosynthetics. 
Geosynthetics in particular provide for improved drainage and reinforcement 
of a substrate material such as the growing medium to which the present 
invention applies. 
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Basic geosynthetic drain structures have comprised an elongate plastics core 
of geosynthetic material, typically surrounded by a filter material and/or 
support by a reinforcing material. The core material is configured, for 
example by provision of suitable corrugations or use of a mesh like structure, s 
5 to define a series of elongate channels for conducting fluid. Water is free to 
pass through the filter and/or reinforcing materials into these corrugations. 
The ground may be drained actively rather than passively by application of a 
surcharge load to force water through these channels. Similar considerations 
apply to vertical and horizontal drains. 

10 

GB 2 301 311 relates to improvements in geosynthetics and introduces 
electrokinetic geosynthetics (hereinafter referred to as EKGs). EKGs are 
electrically conductive geosynthetics or geotextiles, which offer enhanced 
performance over non-conductive geosynthetics. This prior art document 
15 discloses EKG structures including layers of drainage and reinforcement 
geosynthetics stitched together with conductive fibres. The reinforcement 
and/or drainage material may also be conductive. 

EKGs, in addition to providing filtration, drainage and reinforcement can be 
20 enhanced by electrokinetic techniques for the transport of water and hence for 
drainage. The ability of electrokinetic phenomena to move water, charged 
particles and free ions through fine-grained low permeability substrate is 
established. 

25 There are five principle electrokinetic phenomena: streaming potential, 
sedimentation potential, electro-osmosis, ion migration and electrophoresis. 
The first two of these phenomena are concerned with the generation of 
electrical potential due to the movement of charges and charged particles 
respectively. The remaining three are concerned with the transport 
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mechanisms developed upon application of an electrical field across a 
substrate mass. Of these, electro-osmosis is the most significant for the 
exploitation of EKGs in drainage. 

5 An electrical field is applied across a substrate mass using EKG or 
conventional electrodes. Cations are attracted to the cathode and anions to the 
anode. In electro-osmosis, as the ions migrate they carry their hydration water 
with them and exert a frictional force on the water around them. Hence, there 
is a flow of water at both the anode and the cathode and within the material in 
10 between. In order to maintain a charge neutrality however, there are more 
cations than anions in the pore fluid of the substrate. Therefore there is a net 
flow of water to the cathode, which can be used to drive a more active 
drainage process. This electro-osmotic flow depends upon the applied voltage 
gradient and the electro-osmotic permeability of the substrate. 

15 

Thus, a number of drainage methods are known in the prior art. However, 
control of moisture is not the only problem. Control of other surface layer 
conditions, and in particular control of compaction, is of importance. For 
example, where the substrate is a growing medium, optimum growth also 
20 depends upon control of the volume of the growing medium in the vicinity of 
the roots in particular, to prevent and/or alleviate compaction; ensuring an 
adequate supply of nutrients to the roots; ensuring an adequate supply of 
oxygen to the roots; controlling the pH of the growing medium; controlling the 
temperature of the medium; etc. 

25 

Compaction is a particular problem in relation to turf structures, for example 
sports pitches, show grounds and the like. Even when otherwise relatively 
technologically advanced systems are used, compaction is still generally dealt 
with in the traditional physical manner, by applying a physical decompaction 
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force to the surface through spikes or the like. Spiking also aerates the surface 
layer to allow oxygen to reach the roots. The procedure is laborious and time 
consuming and in itself it may apply a compactive effort. It is thus not ideal. 

5 Temperature control can be effected by under soil heating, wherein conduits 
within the soil structure carry a material at elevated temperature which is 
circulated to raise the temperature in its immediate surroundings. Such a 
solution is not ideal. In particular* heating tends to be uneven, hot spots can 
develop, and this can be detrimental to even turf growth. 

10 

Control of pH and nutrient levels is traditionally effected by addition of 
chemical treatments to the top surface of the growing medium, which are 
allowed to percolate through under the action of either rain or artificial 
watering. 

15 

It is an object of the present invention to provide a method for conditioning of 
a growing medium and a growing medium with built in structure to effect such 
conditioning which mitigates some or all of the above disadvantages. 

20 It is a particular object of the present invention to provide a method for 
conditioning of a growing medium and a growing medium structure which is 
effective and efficient in draining and/or controlling moisture in the surface 
layer of the growing medium, but which offers additional functionality in 
relation to optimising the growth conditions at the roots. 

25 

It has now been surprisingly found that a system based on EKGs with suitable 
structures, controls and operational parameters can provide many of these 
extra functions in addition to the drainage function recognised in the prior art 
in admirable manner. 
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Thus, according to the present invention in its first aspect there is provided a 
particulate substrate structure, and in particular a growing medium suitable for 
the growth of vegetable matter in a surface layer thereof, comprising a 
5 particulate base of soil or the like, an upper electrode comprising a generally 
planar electrokinetic geosynthetic disposed generally horizontally within the 
particulate base to lie in a surface layer thereof, for example in the vicinity of 
the roots of the growing vegetable matter where applicable; a lower electrode 
disposed within the particulate base generally underneath and parallel to the 
10 upper electrode, means to connect an electrical power source between the two 
electrodes to apply a potential difference thereacross to drive an electro- 
osmotic process and thus to alter the moisture level in the vicinity of the upper 
electrode and further to generate gas at the upper electrode. 

15 The structure is particularly intended for use driving drainage, wherein the 
upper electrode functions as an anode. Consequently, the lower electrode, 
adapted to function normally as a cathode, is preferably provided in 
association with a drain, is preferably also an electrokinetic geosynthetic, and 
is in particular an electrokinetic geosynthetic drain. However, the arrangement 

20 confers significant extra functionality over prior art systems using an EKG 
drainage cathode, even when driven in this conventional manner, and also in 
allowing the polarity to be reversed for full active control of moisture and 
other properties at the surface layer. 

25 In use as a drain with the lower electrode as a drainage cathode, moisture is 
driven by electro-osmosis towards the lower cathode to be drained away. 

m 

However, the electrode system is driven with sufficient potential difference to 
ensure that a gas (in this mode of operation oxygen but with polarity reversed 
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hydrogen) is generated at the upper electrode, and thereby generated at the 
surface layer. 

This provides a significant further advantage, in that the generation of any gas 
5 will lead to decompaction of the particulate substrate to control the volume in 
the surface layer. This is of value in particular where the particulate substrate 
is used to grow vegetable subject matter. Not only is oxygen made available, 
which is likely to assist in the growth process, but decompaction per se helps 
to maintain aerobic conditions in the root zone thus aid in the breakdown of 
10 dead organic matter, which will assist the nutrient cycle and help to avoid the 
generation of toxic conditions associated with anoxia such as Triack layer 1 . 
However, control of surface compaction, and hence surface physical 
properties, can also be desirable for other substrates, for example clay-based 
sports arenas such as tennis courts. 

15 

A further advantage of the present invention is that since the anode is an EKG 
it can have a role in re-enforcement as well as a merely electrical role. 

A further advantage of the invention is that it can be used to control pH in the 
20 surface layer. For example, it is known that optimum conditions for turf are 
around a pH of 5.5 to 6.5. Thus, the electro-osmotic reaction can be driven to 
maintain such a pH, obviating the need for specific chemical treatments to 
effect such control. 

25 Reference herein to a growing medium is to any particulate solid medium in 
which vegetable matter can be grown, including natural or artificial soil, loam, 
earth, ground material or like mixtures, in which control of moisture is 
necessary to optimise growth. 
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The upper electrode is disposed in the vicinity of where the roots will lie and 
is an electrokinetic geosynthetic selected to be generally planar. The EKG 
may take the form of a grid, sheet, series of strips or any other structure to 
make up a generally planar extent. It lies generally horizontally to the surface, 
5 both allowing control of moisture at the surface in the vicinity of the roots 
through electro-osmosis, and generating and developing gas at the upper 
electrode (whether 0 2 or H 2 depending on whether the upper electrode is 
functioning as an anode or a cathode), which together with control of 
porewater pressure may produce a decompaction effect. 

10 

The upper electrode is preferably further adapted to perform a reinforcing role 
in the upper surface layer of the growing medium or other particulate 
substrate, for example to anchor the roots of the growing vegetable matter 
and/or act as a backing layer for an upper layer, for example where the upper 
15 layer is removable. In one embodiment, where the upper layer is turf or the 
like, the EKG of the upper electrode may then serve as a reinforcing backing 
layer during transportation of the turf, and as a reinforcing root anchoring 
layer when laid in situ, additional to the electrode function. 

20 The conducting geosynthetic material may have any suitable composition to 
give conductive properties. For example, the conductive geosynthetic material 
may comprise a generally inherently non-conductive geosynthetic in 
association with at least one conducting element to produce a composition 
conducting geosynthetic material Alternatively, the geosynthetic material 

25 may be inherently conducting, for example by loading with conducting 
particles. Such inherently conducting geosynthetic material may additionally 
be associated with at least one separate conducting element, to provide a 
composite conducting geosynthetic. 



WO 03/094599 PCT/GB03/01907 

9 

In one alternative, the planar upper electrode comprises one or more EKG 
structures comprising conductive geosynthetic material wherein the 
conducting geoysnthetic material comprises an open mesh structure, 

5 The EKG structure thus consists essentially only of geosynthetic material in an 
open mesh structure optionally inherently conducting and/or in association 
with one or more conducting elements, provided integral to or associated with 
the open mesh structure. 

10 The conductive geosynthetic mesh in a simple embodiment may comprise a 
generally planar mesh, with the EKG structure itself comprising one or more 
such planar meshes. Alternatively, the conductive geosynthetic mesh may be 
corrugated or may form an enclosing mesh structure defining any solid shape, 
such as a sphere, ellipsoid, parallelepiped, cube or cone. A particularly 

15 preferred structure is an open sleeve structure. 

In another alternative the upper electrode comprises one or more EKG 
structures comprising sheet material, for example non-conducting structural 
material such as woven or non-woven fabric material, having a pattern of 
20 conducting elements incorporated therein, for example comprising conducting 
strings, wires or the like, woven or sewn into the sheet 

In a further alternative the upper electrode comprises a sheet of inherently 
conductive material, for example polymeric material loaded with carbon. 

25 . 

Any suitable material may be used for the lower electrode. The lower 
electrode could be any conductor with associated drain to remove accumulated 
water when the electrode is acting as a cathode. In particular the lower 
electrode comprises a conductive drain, and is preferably an electrokinetic 
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geosynthetic, and is in particular an electrokinetic geosynthetic drain of known 
type. EKGs as above described or of other suitable configurations will 
suggest themselves. 

5 The lower electrode need not itself be planar, but a series must be provided 
disposed generally under the upper electrode and parallel thereto to cover the 
whole area. 

Suitable geosynthetic materials will be familiar to those skilled in the art. 
10 These will include polymer materials such as polyethylene, polypropylene, 
PVC, certain polyesters and the like, and carbon fibres. Geosynthetic 
materials may be made conducting by provision of separate conducting 
elements and/or by loading with conducting material. 

15 Such conducting elements may be provided in any known conducting 
material. For example, the conducting elements may be pure or composite 
metallic such as metals or metal powders (steel, copper) dispersed in suitable 
solid carriers, or conducting non-metallic, such as carbon, a conducting 
polymer or composite thereof. 

20 

Conveniently, the conducting element comprises conducting non-metallic 
material. Such material is, by definition, less prone to corrosion than metallic 
material. More preferably, the conducting element comprises conducting non- 
metallic polymeric material. Alternatively, the conducting element comprises 
25 metallic material and is wholly surrounded by a preferably conducting non- 
metallic geosynthetic outer layer. Both of these are likely to increase in situ 
life. 
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A particularly preferred planar EKG is as described in PCT/GBO 1/029 15, 
incorporated herein by reference. 

In a further embodiment of the invention, the properties of the upper electrode 
5 are pre-selected in combination with the applied potential difference such as to 
generate resistance heating at the upper electrode. This gives additional 
functionality to a pair of electrodes disposed in accordance with the method. 
Resistance heating is not necessarily the most efficient or effective way of 
temperature control of the surface, and in circumstances where temperature 
10 control, and in particular surface heating, is desired, for example to prevent 
freezing of the surface layer, a further form of heating, whether disposed 
within the soil structure or applied to the surface from above, is likely to be the 
main mode of temperature control. Nevertheless, a degree of additional 
heating through resistance heating is an effective additional feature of the 
15 present invention. 

The structure preferably further comprises suitable connections for connecting 
the electrodes to an electrical supply. The connection may be any connection 
known in the art for connecting wires or for connecting a wire and conducting 

20 shaped electrode. Preferably the connection is insulated to prevent 
degradation by corrosion due to the presence of water, for example by 
immersing in resin or enclosing within an insulating box. Preferably , a 
plurality of connections have similar electrical continuity and present similar 
resistance, ensuring uniform power and minimal potential loss over the electro 

25 osmosis system. If resistive electrical heating is required in the absence of any 
electrobsmotic effects the electrical supply may be configured to deliver an 
AC or pulsed normal and reverse polarity electrical field. 
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The structure preferably further comprises an electrical supply to apply a 

» 

potential difference across the electrodes. Preferably, the supply is 
controllable to allow the supply to be switched off when action is not required 
and/or to allow the potential difference to be varied in accordance with 

5 varying operational requirements and/or to allow the polarity to be reversible 
such that the upper electrode can function both as an anode with water being 
driven electro-osmotically to the lower cathode to reduce moisture content at 
the roots of the growing vegetable matter therein, and as a cathode with water 
being driven electro-osmotically towards the roots to increase the moisture 

10 content, and/or raise the porewater pressure to effect decompaction of the soil. 

Preferably, the structure further comprises a control system acting on the 
electrical supply to effect such control. The control system may be user 
operable and/or pre-programmable. The control system may incorporate 
15 sensors in association with the growing medium to feed back information 
concerning the conditions therewithin and further incorporate control means 
responsive to the condition signals to effect appropriate controls over the 
electrical supply in response thereto. 

20 Thus, in accordance with a particularly preferred embodiment, the structure 
further comprises one or more arrays of sensor devices, disposed in the 
vicinity of the roots of the growing vegetable matter in use, and adapted to 
provide information concerning physical and/or chemical parameters within 
the growing medium which can then be made available at a control site. For 

25 example, in response to varying signals from these sensors a user at the control 
site can alter conditions of operation of the system and/or an automatic control 
unit can act to adjust operation of the system to keep the observed parameter 
within a pre-determined desired range. 
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In accordance with a further aspect of the invention, a method for conditioning 
a particulate substrate such as a growing medium having vegetable, matter 
growing in a surface layer thereof comprises disposing an upper electrode 
comprising a generally planar electrokinetic geosynthetic generally 

5 horizontally in a surface layer thereof, for example in the vicinity of the roots 
of the vegetable matter; disposing a lower electrode generally underneath and 
parallel to the upper electrode; preferably, associating the lower electrode with 
a drain; applying a potential difference across the two electrodes such as to 
drive an electro-osmotic process and thus alter the moisture level in the 

10 vicinity of the upper electrode and further to generate gas at the upper 
electrode. 

* 

In a preferred embodiment of the method potential difference is applied such 
that the upper electrode acts as an anode, the lower electrode acts as a cathode, 

15 and the process acts to drive moisture electro-osmotically towards the lower 
electrode away from the vicinity of the roots, and generates oxygen gas in the 
vicinity of the upper electrode and in the vicinity of the roots. This produces 
the drainage decompaction and aeration functions above described. Further in 
this embodiment the upper surface may be compacted to provide a harder 

20 surface to effect increased traction or ball bounce as desired. 

In an alternative embodiment, the method also comprises applying a potential 
difference such that the upper electrode acts as a cathode, water is driven 
electro-osmotically towards the upper electrode, and hydrogen gas is 
25 generated thereat, thus increasing the moisture content in the vicinity of the 
roots of- growing vegetable matter and also performing a decompaction 
function by generation of gas and by raising the porewater pressure in the 
matrix of the soil. 
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In a refinement of the method, to apply a chemical treatment to the surface 
region of the growing medium, for example a fertiliser, conditioner, herbicide, 
pH control or the like, comprising applying a chemical treatment having 
suitable desired properties to a top surface of the particulate structure, 

5 applying water on to the top surface, operating the method as above described 
wherein the upper electrode functions as an anode and the lower electrode 
functions as a cathode to draw the water and chemical treatment species 
electro-kinetically through the growing medium or other particulate structure. 
It is thus possible to treat a growing medium, such as turf or agricultural 

10 growing medium, actively with a chemical species, rather than passively by 
applying a chemical species and relying upon rain/applied water and the action 
of gravity. 

In accordance with a further aspect of the invention, a method for constructing 
15 a conditionable particulate substrate, and in particular a growing medium 
having vegetable matter growing in a surface layer thereof, comprises 
providing a suitable particulate substrate, disposing an upper electrode 
comprising a generally planar electrokinetic geosynthetic generally 
horizontally in an upper layer thereof, and in particular where applicable in the 
20 vicinity of where the roots of the vegetable matter will lie; disposing a lower 
electrode generally underneath and parallel to the upper electrode, preferably 
in association with a drain. 

In one embodiment the method for constructing the substrate comprises 
25 installation of the electrodes in situ. In particular, the lower electrode is 
installed by dragging through the substrate in situ using a mole plough in 
familiar manner. The upper electrode is installed by removal and subsequent 
replacement of the upper layer of the substrate, for example in the case of turf 
by rolling back and subsequently replacing an upper turf layer. 
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In an alternative embodiment the method for constructing the conditionable 
substrate comprises assembling growing medium and electrodes together, 
wherein a base layer is provided, and sequentially laid thereon are the lower 
5 electrode including an associated drain, a body layer of particulate substrate, 
the upper electrode, and an upper layer of particulate substrate. In particular 
the substrate comprises growing medium optionally including growing 
vegetable matter. For example, the upper layer comprises a turf layer, and the 
turf layer conveniently incorporates the upper electrode as a backing layer 
10 thereto. 

The invention will now be described by way of example only with reference to 
Figures 1-3 of the accompanying drawings wherein: 

15 Figure 1 is a schematic representation of a turf structure for a sports ground or 

* 

the like embodying the principles of the invention; 

Figure 2 is an example of suitable material for the upper electrode; 

20 Figure 3 is an example of an alternative material for the upper electrode. 

Referring to Figure 1, a turf structure for a sports pitch or the like is shown 
comprising a natural or artificial soil growing medium (2) with grass (3) 
growing generally at the surface (4) thereof. The roots (5) of the grass (3) can 
25 be seen growing down into a surface layer (L) of the growing medium (2), and 
it is this surface layer in particular which it is desired should be conditioned 
for optimum growing performance. 
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Two electrodes are provided within the turf structure to give the potential for 
electro-osmotic control of conditions within the soil. An upper electrode (6) 
comprises a planar electro-kinetic geosynthetic, for example of the type 
illustrated in Figures 2 or 3. A lower electrode (8) comprises an electro- 
5 kinetic geosynthetic drain of conventional design. 

The remainder of Figure 1 illustrates the control system purely schematically. 
A power source (1 1) applies a potential difference between the two electrodes 
(6, 8) to drive the electro-osmotic process. In normal operation this will be 

10 such that the upper electrode (6) functions as an anode and the lower electrode 
(8) functions as a cathode. As a result water will be drawn towards the lower 
electrode (8) to be drained away in the usual manner. Further, and 
significantly in relation to the present invention, oxygen will be generated in 
the vicinity of the upper electrode (6), producing a decompaction effect in the 

1 5 surface layer (L), and aerating the roots (5). 

Control of the power source (11) is by means of a control unit (12), for 

■ 

example at a remote control station. The control unit is operated by manual 
controls (13) within a control centre, and/or by a suitably pre-programmed 
20 automatic control system (14). 

An array of sensors (17) is provided in the vicinity of the roots (5) to monitor 
conditions in the surface layer (L). Any relevant parameters can be monitored. 
These parameters may be displayed at a control centre on the display unit (16) 
25 to allow a user to make any necessary adjustments to operation of the system 
and/or passed to a comparator (15) which compares with pre-determined data 
stored in the automatic controller (14) and causes it to act upon the control unit 
(12) to ensure that conditions are maintained within a pre-selected desired 
parameter. 
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As has been noted, the present invention confers a range of functionalities to 
the structure, including dewatering, aeration, decompaction, pH control and 
resistive heating. Parameters relating to any or all of these can be monitored 
5 and the condition of the soil controlled accordingly in the above manner. 

A preferred electro-kinetic geosynfhetic material for the upper electrode is 
shown in Figure 2. A portion of the electrode (6) is shown comprising a mesh 
structure. The mesh comprises a first set of parallel EKG members (21) and a 

■ 

10 second set of parallel EKG members (22) overlapping and arrayed to produce 
a rhombic mesh structure with apertures (23). The material of the mesh 
comprises conducting core elements (24), which in this example are stainless 
steel, enclosed in a conducting geosynthetic outer layer (25), which in this 
example is a carbon loaded polymeric material. This particular sandwich 

15 arrangement produces good environmental resistance in situ in the soil. 

An alternative arrangement for the planar upper electrode (6) is shown in 
Figure 3. In this case, the basis of the electrode is a non-conductive fabric 
sheet (31) which serves to give structure to the EKG and a degree of 
20 reinforcement to the upper surface layer. The sheet is preferably of woven or 
non-woven polymeric fabric adapted to resist environmental degradation in 
situ in the ground. Conducting elements take the form of stainless steel fibres 
(32) stitched into the sheet (31), again in a generally rhombic array, to provide 
a planar EKG structure. 
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» 

CLAIMS 

1 . A particulate substrate structure comprising a particulate base, an upper 
5 electrode comprising a generally planar electrokinetic geosynthetic 

disposed generally horizontally within the particulate base to lie in a 
surface layer thereof, a lower electrode disposed within the particulate 
base generally underneath and parallel to the upper electrode, means to 
connect an electrical power source between the two electrodes to apply a 
10 potential difference thereacross to drive an electro-osmotic process and 

thus to alter the moisture level in the vicinity of the upper electrode and 
further to generate gas at the upper electrode. 

2. The structure of claim 1 wherein the upper electrode is adapted to 
15 function as an anode and the lower electrode is adapted to function as a 

cathode. 

3. The structure of claim 1 or claim 2 wherein the lower electrode is 
provided in association with a drain. 

20 

4. The structure of claim 3 wherein the lower electrode is an electrokinetic 
geosynthetic drain. 

5. The structure of any preceding claim wherein the polarity of the 
25 electrodes is reversible during use. 



6. The structure of any preceding claim wherein the upper electrode is a 
generally planar electrokinetic geosynthetic taking the form of a grid, 
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sheet, series of strips or other structure to make up a generally planar 
extent. 



7. The structure of any preceding claim wherein the upper electrode is 
5 further adapted to perform a reinforcing role in the upper surface layer of 

the particulate substrate. 



8. The structure of claim 7 wherein the upper electrode serves to anchor the 
roots of vegetable matter growing at a surface of the particulate substrate. 



9. The structure of any preceding claim wherein the planar upper electrode 
comprises one or more EKG structures comprising conductive 
geosynthetic material wherein the conducting geoysnthetic material 
comprises an open mesh structure. 



10. The structure of claim 9 wherein the conductive geosynthetic mesh 
comprises a generally planar mesh, with the EKG structure itself 
comprising one or more such planar meshes. 



20 11. The structure of one of one of claims 1 to 8 wherein the planar upper 
electrode comprises one or more EKG structures comprising sheet 
material, for example non-conducting structural material such as woven 
or non- woven fabric material, having a pattern of conducting elements 
incorporated therein, for example comprising conducting strings, wires 

25 or the like, woven or sewn into the sheet. 



12. The structure of one of one of claims 1 to 8 wherein the planar upper 
electrode comprises a sheet of inherently conductive material, for 
example polymeric material loaded with carbon. 



WO 03/094599 PCT/GB03/01907 

20 

13. The structure of any preceding claim wherein the properties of the upper 
electrode are pre-selected in combination with the applied potential 
difference such as to generate resistance heating at the upper electrode in 

5 use. 

14. The structure of any preceding claim further comprising an electrical 
supply to apply a potential difference across the electrodes, suitable 
connections for connecting the electrodes to the electrical supply, and a 

10 control system to control the supply in accordance with varying 

operational requirements 

15. The structure of claim 14 further comprising as part of the control system 
sensors provided in association with the particulate substrate to feed back 

15 condition signals to the control system concerning the conditions 

therewithin and further incorporates control means responsive to the 
condition signals to effect appropriate controls over the electrical supply 
in response thereto. 

20 16. The structure of any preceding claim wherein the particulate substrate 
comprises a growing medium suitable for the growth of vegetable matter 
in a surface layer thereof, the upper electrode being disposed within the 
particulate substrate in the vicinity of the roots of the growing vegetable 
matter. 

25 

17. A method for conditioning a particulate substrate comprises disposing an 
upper electrode comprising a generally planar electrokinetic geosynthetic 
generally horizontally in a surface layer thereof; disposing a lower 
electrode generally underneath and parallel to the upper electrode; 
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applying a potential difference across the two electrodes such as to drive 
an electro-osmotic process and thus alter the moisture level in the 
vicinity of the upper electrode and further to generate gas at the upper 
electrode. 

5 

18. The method according to claim 17 wherein potential difference is applied 
such that the upper electrode acts as an anode, the lower electrode acts as 
a cathode, and the process acts to drive moisture electro-osmotically 
towards the lower electrode away from the vicinity of the roots, and 

10 generates oxygen gas in the vicinity of the upper electrode. 

19. The method of claim 17 or 18 further comprising associating the lower 
electrode with a drain. 

15 20. The method of one of claims 17 to 19 further comprising the step of 

* 

applying a chemical treatment having suitable desired properties to a top 
surface of the structure, applying water on to the top surface of the 
particulate substrate, applying the potential difference such that the upper 
electrode functions as an anode and the lower electrode functions as a 
20 cathode to draw the water and chemical treatment species electro- 

kinetically through the substrate. 



21. The method of one of claims 17 to 20 also comprising, as an additional 
or alternative step, applying a potential difference such that the upper 

25 electrode acts as a cathode, water is driven electro-osmotically towards 

the upper electrode, and hydrogen gas is generated thereat. 

i 

22. The method of one of claims 17 to 21 wherein the particulate substrate 
comprises a growing medium suitable for the growth of vegetable matter 
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in a surface layer thereof, the upper electrode being disposed within the 
particulate substrate in the vicinity of the roots of the growing vegetable 
matter. 

5 23. A method for constructing a conditionable particulate substrate structure 
comprises providing a suitable particulate substrate; disposing an upper 
electrode comprising a generally planar electrokinetic geosynthetic 
generally horizontally in an upper layer thereof; disposing a lower 
electrode generally underneath and parallel to the upper electrode, 
1 0 preferably in association with a drain. 

24. The method of claim 23 comprising installation of the electrodes to a 
particulate substrate in situ. 

15 25. The method of claim 24 wherein the lower electrode is installed by 
dragging through the substrate in situ using a mole plough and the upper 
electrode is installed by removal and subsequent replacement of the 
upper layer of the substrate. 

20 26. The method of claim 23 comprising assembling growing medium and 
electrodes together, wherein a base layer is provided, and sequentially 
laid thereon are the lower electrode including an associated drain, a body 
layer of particulate substrate, the upper electrode, and an upper layer of 
particulate substrate. 

25 

27. A particulate substrate structure, a method for conditioning a particulate 
substrate or a method for constructing a conditionable particulate 
substrate structure substantially as hereinbefore described with reference 
to the accompanying drawings. 
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